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a auiucnucity of hank- 
ie notes which have been produced by simul- 
taneous printing and include steel-gravure 
printed areas, comprises first means to 
check the registration between the printing 
on the two sides of the banknote, and sec- 
20 ond means to check for variations in thick- 
ness of the banknote due to the steel- 
gravure printing. 

Most banknotes are now produced by a 
simultaneous printing process and include 
25 steel-gravure printed areas. This method 
requires expensive machinery which is not 
generally available to counterfeiters. 

Banknotes printed in this way have two 
main characteristics. Firstly, the simultan- 
30 eous printing includes many points on the 
two sides of the banknote where the print- 
ing coincides, and these points are always 
in precisely the same relationship due to 
the simultaneous printing method em- 
35 ployed. On the other hand, notes printed 
by less sophisticated machinery normally 
shows some slight displacement between 
the printing on the two sides. Secondly 



XA . ^ M.v^ivmig to me present in- 
vention for checking the relative position 
of printing on the two sides of a banknote, 

Figure 2 shows an arrangement for test- 
ing the variations in the thickness of a 55 
banknote resulting from the steel-gravure 
printing method, 

Figure 3 shows a high-frequency reson- 
ance arrangement for measuring the thick- 
ness of a layer of ink on a banknote, 60 

Figure 4 shows an arrangement for test- 
ing the dimensional accuracy of a bank- 
note, and 

Figure 5 shows an arrangement for mea- 
suring the light reflection from the surface 65 
of a banknote. 

Referring to Figure 1, the two sides of a 
banknote B, which has been produced by 
a simultaneous printing process, are each 
scanned in synchronism by separate opti- 70 
cal systems, comprising optical transmitters 
G and G 1 , and optical receivers H and H 1 . 
The wave form K in Figure 1 represents 
the electrical output supplied by say the 
receiver H, and after inversion to form the 75 
signal K\ this output is added to the ref- 
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I, Paul Thurnberger, of Austrian 
nationality, of Munderfing, Upper Austria, 
do hereby declare the invention, for which 
I pray that a patent may be granted to me, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to apparatus for 
testing the authenticity of banknotes. 

Such apparatus may for example be used 
in automatic vending and money-changing 
machines. 

According to the present invention ap- 
paratus for testing the authenticity of bank- 
notes which have been produced by simul- 
taneous printing and include steel-gravure 
printed areas, comprises first means to 
check the registration between the printing 
on the two sides of the banknote, and sec- 
ond means to check for variations in thick- 
ness of the banknote due to the steel- 
gravure printing. 

Most banknotes are now produced by a 
simultaneous printing process and include 
steel-gravure printed areas. This method 
requires expensive machinery which is not 
generally available to counterfeiters. 

Banknotes printed in this way have two 
main characteristics. Firstly, the simultan- 
eous printing includes many points on the 
two sides of the banknote where the print- 
ing coincides, and these points are always 
in precisely the same relationship due to 
the simultaneous printing method em- 
ployed. On the other hand, notes printed 
by less sophisticated machinery normally 
shows some slight displacement between 
the^ printing on the two sides. Secondly, 



the pressure of the steel-gravure printing 
plates results in variations in the thickness 
of the banknote between printed and un- 
printed portions. These differences may 
be as much as 0.04 mm in a new banknote 
and even in an old banknote is normally 
at least 0.02 mm. 

An embodiment of the invention will now 
be described by way of example with ref- 
erence to the accompanying drawings, in 
which : 

Figure 1 shows an arrangement used in 
the apparatus according to the present in- 
vention for checking the relative position 
of printing on the two sides of a banknote, 

Figure 2 shows an arrangement for test- 
ing the variations in the thickness of a 
banknote resulting from the steel-gravure 
printing method, 

Figure 3 shows a high-frequency reson- 
ance arrangement for measuring the thick- 
ness of a layer of ink on a banknote, 

Figure 4 shows an arrangement for test- 
ing the dimensional accuracy of a bank- 
note, and 

Figure 5 shows an arrangement for mea- 
suring the light reflection from the surface 
of a banknote. 

Referring to Figure 1, the two sides of a 
banknote B, which has been produced by 
a simultaneous printing process, are each 
scanned in synchronism by separate opti- 
cal systems, comprising optical transmitters 
G and G\ and optical receivers H and H 1 . 
The wave form K in Figure 1 represents 
the electrical output supplied by say the 
receiver H, and after inversion to form the 
signal K 1 , this output is added to the ref- 
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erence signal I in a coincidence circuit. The 
output signal supplied by the receiver H 
is treated in the same way, a second coin- 
cidence circuit being used. If the pnntuig 
5 on the two sides of the banknote coincides 
exactly, there will be no output from either 
coincidence circuit, and so if an output is 
present the banknote is rejected as a coun- 
terfeit. . 

10 As mentioned above, the use of steel- 
gravure printing plates results in banknotes 
in which there is a difference in thickness 
between steel-gravure printed and unprinted 
areas. These variations in thickness can 

15 be sensed by sensitive measuring devices. 
Thus highly sensitive indicators which gen- 
erate an electrical signal when a predeter- 
mined thickness is exceeded can be used 
for this purpose. 

20 Alternatively, pressure-sensitive trans- 
ducers with a transmission linkage which 
amplifies the differences in thickness may 
be used to generate a direct current voltage 
which is proportional to the thickness. Fig- 

25 ure 2. to which reference is now made, 
shows such a thickness-testing arrangement. 
A banknote B resting on a roller A is 
passed by feed rollers Z under a scanner 
D, which, through a transmission linkage, 

30 actuates a pressure-sensitive transducer E. 
The voltage U (J shown on the voltage wave- 
form in Figure 2 corresponds to the output 
when there i s no paper under the scanner 
D, U x corresponds to the output for printed 

35 paper and U„ corresponds to the output for 
imprinted paper. The difference between 
LL and V, corresponds to the depth of the 
impression caused by the steel-gravure 
printing plate. 

40 As an alternative a piezoelectric trans- 
ducer may be provided. Its mode of ac- 
tion corresponds to that of a sound pick- 
up used for record reproduction. Strip 
extensometer-transducers can also be used. 

45 Finally, a capacitive thickness test is 
also possible, this operating in the same 
way as is explained below in connection 
with the testing of the thickness of the ink 
layer. However, the electrodes F (Figure 

50 3) used must be sufficiently small to adapt 
to the differences in impression. 

As is apparent from Figure 2, the thick- 
ness-testing arrangement can also be used 
to carry out tests to determine the thick- 
55 ness of the paper and the coarseness of the 
surface. 

When a steel-gravure printing process is 
used, the thickness of the ink layer of ink is 
at least 10 times as great as with other 

60 printing processes, so testing the thickness 
of the layer of ink is of particular import- 
ance in testing the authenticity of bank- 
notes. In contrast to ink layer thickness 
tests which are based on optical or radio- 

65 active radiation methods, the arrangement 



now to be described uses a high-frequency 
resonance method. . 

Referring to Figure 3, the banknote is 
passed between two narrow plate-shaped 
electrodes which form the plates of a ca- 70 
pacitor C of a high-frequency oscillatory 
circuit (L, C), the resonance frequency of 
which is measured. The electrodes F must 
be small in order to be able to follow 
changes in thickness caused by the pre- 75 
sence of ink on the surface of the bank- 
note. It is desirable for the resonance of 
the oscillatory circuit to be adjusted agamst 
a genuine banknote. If the resonant fre- 
quency diverges by more than a prede- 80 
termined amount the banknote B under test 
is rejected as counterfeit 

The banknote B is also tested for dimen- 
sional accuracy and absence of damage. 
This is necessary in order to detect a strip »5 
counterfeit process in which for example 20 
banknotes are cut up and stuck together 
again to produce 21 banknotes. In the 
arrangement shown in Figure 4, the bank- 
note B is positioned between an electric- W 
ally conductive baseplate N and an insu- 
lated plate P having a plurality of down- 
wardly-projecting spring-loaded contact 
members O, the ends of which are rounded, 
and which, on contact with the plate N, -So 
produce a signal. They are so arranged 
that, on the one hand, they indicate the 
periphery of the banknote B and, on the 
other, they scan the surface of the bank- 
note B at various points. 100 

Many banknotes such as, for example, 
Austrian banknotes, have a coating of 
glaze, which is largely resistant to ageing. 
This coating of a banknote, which can also 
-sy other characteristics of the surface of 105 
ins paper, can be utilised in order to test 
authenticity. . ' 

Referring to Figure 5, reflections result- 
ing from a light beam M directed from a '■ 
source L on to the surface of a banknote 110 
B may be used to check the banknote B. 
As illustrated, the light beam M ds shone 
on to the surface at an angle of 45° with 
respect thereto. One optical receiver is 
arranged in a position such as to receive 115 
light reflected from the surface at an angle 
of 45°, to monitor the light reflected from 
the glossy surface, while a further optical 
receiver is arranged in a position at 90° 
with respect to the surface to measure the 120 
basic brightness of the paper. The optical 
receivers produce output electric signals 
which are compared. If specific areas of 
the banknote B are examined and the sen- 
sitivity of the optical receivers depends on 125 
the colour of the incident light, it is also 
possible to evaluate the colour of the bank- 
note B at the area examined. Photoelec- 
tric resistances, photodiodes, phototransis- 
tors, secondary electronic multipliers and 130 



1,163,137 



photoelectric cells are suitable optical re- 
ceivers. 

A particularly simple test of the surface 
of the paper comprises comparing the out- 

5 put electric signals from the optical re- 
ceivers with the electronically stored signals 
from a genuine banknote. For this pur- 
pose, an endless magnetic tape may for ex- 
ample be accommodated in the test ar- 

10 rangement. The output electric signals, 
which may be integrated are converted to a 
sequence of rectangular pulses of different 
duration. These pulses are added, in a 
coincidence circuit, to the inverted stored 

15 signals. In the ideal case, the resultant 
output is zero. If therefore the output ex- 
ceeds a predetermined minimum value the 
banknote under test is rejected as counter- 
feit 

20 WHAT I CLAIM IS: — 

1. Apparatus for testing the authentic- 
ity of banknotes which have been produced 
by simultaneous printing and include steel- 
gravure printed areas, comprising first 

25 means to check the registration between 
the printing on the two sides of the bank- 
note, and second means to check for vari- 
ations in thickness of the banknote due to 
the steel-gravure printing. 

30 2. Apparatus according to claim 1 
wherein the first means comprises first and 
second optical transmitters associated re- 
spectively with first and second optical re- 
ceivers, the optical transmitters being ar- 

35 ranged to scan the two sides of a banknote 
simultaneously and the optical receivers be- 
ing arranged to supply output electric sig- 
nals in dependence on light reflected from 
the surface of the banknote to the respec- 

40 tive or receiver. 

3. Apparatus according to claim 1 or 
claim 2 wherein the second means com- 
prises a pressure-sensitive transmitter ar- 
ranged to supply an output electric signal 

45 in dependence upon variations in the thick- 
ness of the banknote. 



4. Apparatus according to claim 1 or 
claim 2 wherein the second means com- 
prises a piezoelectric transmitter arranged 

to supply an output electric signal in de- 50 
pendence upon variations in the thickness 
of the banknote. 

5. Apparatus according to claim 1 or 
claim 2 wherein the second means com- 
prises a strip extensometer-transmitter ar- 55 
ranged to supply an output electric signal 

.in dependence upon variations in the thick- 
ness of the banknote. 

6. Apparatus according to claim 1 or 
claim 2 wherein the second means com- 60 
prises a capacitive thickness measuring de- 
vice arranged to supply an output electric 
signal in dependence upon variations in the 
thickness of the banknote. 

7. Apparatus according to any one of 65 
the preceding claims further comprising 
third means to check the dimensional ac- 
curacy of the banknote. 

8. Apparatus according to any one of 
the preceding claims further comprising 70 
fourth means to check the thickness of an 

ink layer on the banknote. 

9. Apparatus according to claim 8 
wherein the fourth means comprises a ca- 
pacitive thickness measuring device ar- 75 
ranged to supply an output electric signal 

in dependence upon variations in the thick- 
ness of a layer of ink on the banknote. 

10. Apparatus according to any one of 
the preceding claims further comprising 80 
fifth means to check the reflective proper- 
ties of the surface of the banknote. 

11. Apparatus for testing the authen- 
ticity of banknotes which have been pro- 
duced by simultaneous printing and include 85 
steel-gravure printed areas, the apparatus 
being substantially as hereinbefore des- 
cribed with reference to the accompanying 
drawings. 

For the Applicant, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 Staple Inn, Londen, W.C.L 
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